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Abstract
A common cause of cancer is oxidative damage to cells due to decreased conversion of 
reactive oxygen species (ROS). Hence compounds with antioxidant activities are of great 
interest. Hydrolysable and condensed tannins are known to have antioxidant effects and 
have been found in several plants. We examined dried stems of Geum urbanum L. and 
detected tannins using thin layer chromatography (TLC). We separated the tannins using 
three types of columns; Sephadex LH-20, partition column with cellulose and Diaion HP-20. 
Separated tannins were analysed using electrospray ionisation mass spectroscopy (ESI MS) 
and nuclear magnetic resonance spectroscopy (1H NMR). Due to lack of time the tannins for 
structural analysis were not completely pure which hindered an accurate structure 
determination. By comparing our structural data with data from the literature possible 
structures of  the isolated tannins were suggested, but further analysis is needed for 
unambiguous determination. However it is concluded that the dried Geum urbanum L. stems 
contains tannins which can be extracted with the method used.
Abstrakt
En almindelig årsag til kræft er oxidativ skade i celler som følge af nedsat omdannelse af 
reaktive oxygen arter (ROS). Derfor er det af stor interesse at finde forbindelser med 
antioxidative egenskaber. Hydrolyserbare og kondenserede tanniner er kendt for   at have 
antioxidative egenskaber og er fundet i adskillige planter. Vi har undersøgt tørrede stilke fra 
Geum urbanum L. og detekterede tanniner ved brug af tyndtlagschromatografi (TLC). Vi 
separerede tanninerne ved brug af tre typer kolonner; Sephadex LH-20, partition column 
chromatography med cellulose og Diaion HP-20. Separerede tanniner blev analyseret ved 
brug af  electrospray ionisering massespektroskopi (ESI MS) og nuclear magnetic resonance 
spectroscopy (1H NMR). Grundet tidsmangel var tanninerne ikke helt rene før de blev 
anvendt til analyserne for struktur bestemmelse, hvilket vanskeliggjorde en præcis struktur 
bestemmelse. Ved at sammenligne med data fra litteraturen kunne der gives mulige 
strukturer af  de analyserede tanniner, men yderligere analyse er nødvendig for entydig 
bestemmelse. Dog konkluderes det, at tørrede Geum urbanum L. stilke indeholder tanniner 
og at disse kan ekstraheres med den anvendte metode.
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In order to achieve the best possible method for extraction of  tannins we searched for 
relevant literature using databases Google Scholar, SCOPUS, Springerlink, Elsevier 
ScienceDirect, Wiley Online Library and PubMed. The search was based on central 
keywords words and sentences like 'extraction of  tannins', 'Geum urbanum L.', 
'analysis of tannins', 'chromatography methods of biological compounds'. 
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1 Introduction
Cancer is a common cause of death amongst both men and women. A well known cause of 
cancer is oxidative damage to cells caused by decreased conversion of  reactive oxygen 
species (ROS). Therefore it is of great interest to find compounds with antioxidant activity. In 
this search different plants of the genus Geum have been studied. Terpenoids and tannins 
are some of  the most abundant compounds in these plants [Cheng, 2011]. Russo et al. 
(2005) have shown that methanolic extracts from Geum quellyon containing tannins posses 
a number of  health beneficial biological effects. For example capacity to scavenge 
superoxide anion (O2•-), inhibit xanthine oxidase activity and protect plasmid DNA from 
cleavage by hydroxyl radicals (•OH) and nitric oxide (NO) [Russo, 2005] (more evidence of 
biological effects are found in chapter 2). Hence dietary intake of  tannins or intake of nature 
medicine containing tannins might, due to antioxidant qualities, have preventive effect 
against some types of cancer.
Vegetable tannins or polyphenols are defined by Bate-Smith and Swain [Haslam, 1996] as:
Water soluble phenolic compounds having molecular weights between 500 and 
3,000 and, besides giving the usual phenolic reactions, they have special 
properties such as the ability to precipitate alkaloids, gelatin and other proteins. 
The term tannin is now broadly applied to large polyphenols that contain enough hydroxyls to 
form complexes with proteins. Tannins are divided into two major groups, condensed tannins 
(non-hydrolysable) and hydrolysable tannins.
F i g u r e 1 . S t r u c t u r e s o f 
hydrolysable and condensed 
tannins. The hydrolysable 
tannins (HT) consists of a 
carbohydrate center with the 
hydroxy groups esterified with 
gallic  or ellagic acid. Condensed 
t a n n i n s ( C T ) a r e f l a v a n 
polymers. HT is illustrated to the 
left and CT is to the right [Own 
figure].
Hydrolysable tannins have a carbohydrate as center, most commonly  D-glucose, in which the 
hydroxyl groups are partially  or totally  esterified by gallic acid or ellagic acid. Hydrolysable 
tannins can be hydrolysed by  weak acids and bases to form carbohydrate and phenolic 
acids. Condensed tannins are polymers of flavans. One class of condensed tannins is 
proanthocyanidines which are polymers of flavonoid units. These are non-hydrolysable but 
can undergo acid catalysed cleavage when a nucleophile is present.
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Geum urbanum L. (Danish trivial name: Febernellikerod) is a member of the Rosaceae family 
and grows in temperate climate, Europe and the Middle East. In Denmark the plant is 
considered as weed due to its perennial nature and is found in extensive quantities in most 
areas [Frederiksen, 2006]. 
Geum urbanum L. has been reported to contain ellagic acid and gallic acid which are both 
base units for classes of hydrolysable tannins (HTs) [Cheng, 2011]. Literature on examination 
of the content of tannins in Geum urbanum L. is limited. However experiments on other 
members of  the genus Geum have been made, primarily in Japan and China where it is 
common to turn to nature for the discovery of compounds possessing beneficial health 
effects [Yoshida, 1985]. Geum urbanum L. hybridises with Geum rivale regularly, as these 
exist in the same areas and are closely related [Frederiksen, 2006]. Hence it seems 
reasonable to expect similarities between the two and much of  the use of literature will be 
based on the assumption that plants from genus Geum have similar compound content. 
Below  is listed all tannins reported in Geum rivale and Geum urbanum L. by Cheng et al., 
(2011) along with chosen structures (structures of all compounds are given in appendix 1).
Constituents in Geum rivale: Decursin (1), α-amirin (2), Ursolic acid (3), Euscaphic acid (4), 
Euscaphic acid 28-glucoside (5), Tormentic acid (6), Nigaichi (7), Betulin (8), Epifriedelanol 
(9), Cecropiacic acid (10), Oleanolic acid (11), Luteolin (12), Luteolin 7-O-glucoside (13), 
Apigenin (14), Apigenin 7-O-glucoside (15), Quercetin (16), Quercetin 3-O-rhamnoside (17), 
Quercetin 3-O-glucoside (18), Kaempherol (19), Kaempherol 3-O-glucoside (20), 
Kaempherol 3-O-arabinoside (21), Tiliroside (22), Quercetin 3-O-glucuronide (23), 
Kaempherol 3-O-glucurinide (24), Esculetin (25), Scopoletin (26), 6-O-Caffeoyl-1-O-methyl-
β-D-glucopyranose (34).
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Constituents in Geum urbanum L.: Myrtanal (27), (+)-Catechin (28), Eugenol (29), Gein (30), 
Protocatechuic acid (39), Vicianose (40), Pyrogallic acid (35), 6-Galloylglucose (37), 
Anethole (31).
Constituents found in both Geum rivale and Geum urbanum L.: Caffeic acid (33), 
Chlorogenic acid (34), Gallic acid (36), Ellagic acid (38).
The possibility that we might find tannins in Geum urbanum L. combined with the reported 
beneficial biological effects of this class of compounds, makes it relevant to study the content 
of tannins in Geum urbanum L.. This leads us to question:
Which hydrolysable or condensed tannins can be found in 
the stems of Geum urbanum L.?
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ellagitannin isolated from a natural source [23]. Gemin G (137) is a new dimeric
ellagitannin reported from G. japonicum Thunb. var. chinense recently [35]. Gemin F
(151) was the first example of an ellagitannin containing a caffeoyl group [24].
Praecoxin D (139) was reported for the first time from G. aleppicum [26].
2.5.2. Gallotannins. Four gallotannins, i.e., 1,2,3-tri-O-galloyl-b-d-glucose (154),
geponin (155), penta-O-galloyl-b-glucose (156), and 2,6-di-O-galloyl-d-glucose (157),
were isolated from G. japonicum [19] [25].
2.6. Phenylpropanoids. Phenylpropanoids 158–172 were isolated from the Geum
species. In contrast to G. japonicum, eugenol (158) was only a trace component in the
essential oils of G. reptans [11]. Gein (161), a phenolic glycoside of eugenol, was also
isolated from G. japonicum and G. urbanum [1] [29]. 6-O-Caffeoyl-1-O-methyl-b-d-
glucopyranose (168) was a new compound from G. rivale [17]. Only four coumarins,
169–172, were reported to occur in this genus [11] [13].
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2 Biological effects of hydrolysable and condensed tannins
Due to the chemical properties of tannins some biological effects can be expected. One 
example is the ability  of polyphenols with catechol and pyrogallol parts to reduce or form 
strong complexes with metal ions [Haslam, 1996] [Okuda, 2005]. Another is the antioxidant 
activity  of especially  proanthocyanidines. Oszmianski et al. (2007) showed antioxidant effects 
of Rosaceae plant root extracts containing proanthocyanidines on two radicals, DPPH (2,2-
diphenyl-1-picrylhydrazyl) and ABTS (3-ethylbenzothiazoline-6-sulfonic acid) [Oszmianski, 
2007]. Luximon-Ramma et al. (2002) also showed antioxidant activities of 
proanthocyanidines using TEAC Assay  (Trolox Equivalent Antioxidant Capacity) and FRAP 
Assay (Ferric Reducing Antioxidant Power) [Luximon-Ramma, 2002]. More experiments, also 
older, show similar results, but it was noted by Haslam (1996) that scientific evidence of 
health beneficial biological effects of polyphenols had weaknesses as most experiments had 
been done ex vivo [Haslam, 1996]. 
In fact, a few in vivo studies had been carried out 
already. Xu et al. (1992) documented that treatment with 
epigal locatechin gal late (EGCG) reduced the 
development of lung adenomas in mice [Xu, 1992]. 
Inagake et al. (1995) showed that treatment with green 
tea extract prior to injection with carcinogenic 1,2-
d imethy lhydraz ine inh ib i ted fo rmat ion o f 8 -
hydroxydeoxyguanosine (8-OHdG) in rat colonic mucosa 
and liver. 8-OHdG is a product of DNA damage by 
oxygen radicals [Inagake, 1995]. From recent time 
Giovanelli et al. (2000) presents evidence of health 
beneficial effects of dietary  tannins (from wine and tea) 
in vivo. More precisely  the study showed negative effect 
of dietary  proanthocyanidins concerning oxidative DNA damage on rat colon mucosal cells, 
examined using comet assay  [Giovanelli, 2000]. Naasani et al. (2003) has shown decreasing 
tumour size in mice as an effect of dietary  treatment with EGCG. The effect was shown to be 
caused by  inhibition of the enzyme telomerase, which is known to be highly  active in cancer 
cells [Naasani, 2003]. A number of health beneficial effects of tannins has been documented, 
both ex vivo and in vivo. Contrarily  negative biological effects of dietary  bioflavonoids has 
also been documented. Strick et al. (2000) has shown in vivo, that intake of some 
bioflavonoids may  induce cleavage in the MLL gene. Chromosomal translocations involving 
the MLL gene is seen in about 80 % of early infant leukemia [Strick, 2000]. 
Figure 2. Structure of 
epigallocatechin gallate (EGCG). 
The structure of epigallocatechin, 
which reduced development of lung 
adenomas in mice, is illustrated [Xu, 
1992].
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3 Theoretical considerations regarding experimental procedure
3.1 Extraction
Hagerman (1988) did comparative experiments between extraction methods of  both 
hydrolysable and condensed tannins on leaves from trees (Quercus macrocarpa, Acer 
saccharum and Carya ovata) varying extractants, drying and seasons
Cork & Krockenberger (1991) did comparative experiments between extraction methods of 
condensed tannins on leaves from Eucalyptus trees. Varying air temperature and light, 
extractants and drying.
Though both experiments are based on extraction from leaves and may not be completely 
applicable to extraction from stems, both studies give recommendations for tannin extraction 
in general that will likely apply to extractions from several plant types. Mueller-Harvey (2001) 
has contributed with a collection of recommendations regarding extraction and analysis of 
hydrolysable tannins.
Extraction of  vegetable tannins from leaves is optimally performed immediately after 
collection. Analysis on fresh tissue is thought to minimise the change of  the tannins 
[Hagerman, 1988]. Unfortunately this is rarely possible and this is also valid for our 
experiment.
3.1.1 Seasonal variation
Both studies and the review  agree that the tannin content of plants vary with season and with 
the maturity of  the leaves [Hagerman, 1988][Cork & Krockenberger, 1991][Mueller-Harvey, 
2001]. It would be likely to vary in the stems as well. Hagerman (1988) found higher levels of 
tannins in fresh leaves early in the season but noted that the variability also depended on the 
extractant [Hagerman, 1988]. 
3.1.2 Air temperature and light
For storage between the time of collection and the time of  analysis, freeze drying is 
recommended as a gentle method. Drying at elevated temperature resulted in a lower 
extraction level of tannins and while hydrolysable tannins seem stabile at room temperature, 
condensed tannins tend to oxidise [Hagerman, 1988]. 
Cork & Krockenberger (1991) recommend care is taken with air temperature and light even 
during extraction. In the comparative studies, levels of condensed tannins extracted was 
shown to be lowered at room temperature and in daylight, compared to at 4 °C and in 
darkness [Cork & Krockenberger, 1991].
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3.1.3 Extractant
Anhydrous mixtures of either methanol or acetone extracted less than 50 % of  the 
condensed tannins compared to aqueous mixtures [Cork & Krockenberger, 1991].
Hagerman (1988) examined how  appropriate solvents for extraction also varies with the 
season. It was further noted that while aqueous acetone was the better solvent for extracting 
tannins from leaf tissue early in the season compared to aqueous methanol, the efficiency 
lowered as season proceeded. The lowering of efficiency was smaller for aqueous methanol 
[Hagerman, 1988]. Additionally, the stability of  condensed tannins in aqueous acetone was 
lower than in aqueous methanol [Cork & Krockenberger, 1991]. Mueller-Harvey (2001) points 
out, that while methanol is better for extracting tannins of low  molecular weight or tannins 
found in bark or fruit tissues, acetone is less likely to react with hydrolysable tannins than 
water and methanol. Hexane or dichloromethane is recommended for removal of  lipids and 
chlorophyll [Mueller-Harvey, 2001]. Finally Mueller-Harvey (2001) recommends careful use of 
ethyl acetate since significant loss of  some hydrolysable tannins may happen [Mueller-
Harvey, 2001]. 
3.1.4 Homogenisation
Several studies homogenised plants parts prior to extraction. Ito et al. (1999) homogenised 
dried leaves with 70% acetone, and subsequently extracted the solution with ether, ethyl 
acetate and 1-butanol saturated with water [Ito, 1999]. Yoshida & Okuda (1985) 
homogenised fresh leaves from Geum japonicum with acetone and water (50/50 %), the 
homogenate was filtered and extracted first with ether and subsequently with ethyl acetate. 
Further extraction was done on the aqueous precipitate with butan-1-ol saturated with water 
[Yoshida & Okuda, 1985]. Another study homogenised with 50 % aqueous acetone [Yoshida, 
1985].
3.2 Separation 
Chromatography is used to purify and separate different molecules in a sample, separation 
takes place based on the differences in their structure and composition [Thompson, 1959]. 
Chromatography runs on the same principles as extraction, with the difference that one 
phase is kept in position while the other phase moves through it. The mobile phase is either 
a solvent or a gas, in column chromatography the solvent is moving through the column. The 
stationary phase is the one that stays in place inside the column, it is often a viscous liquid 
bonded to the inside of  a capillary tube or to the surface of solid particles in the column. It 
can differ so the solid particles themselves may be the stationary phase. In both ways, the 
partitioning for solutes between mobile and stationary phase gives rise to separation [Harris, 
2010]. Following extraction, several chromatographic methods can be considered in order to 
purify the wanted compounds. 
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3.2.1 Adsorption chromatography
One type of column chromatography is adsorption where stationary phase is a solid, while 
the mobile phase is a liquid or a gas [Harris, 2010]. The porous adsorbents are terminated at 
the surface with polar hydroxyl groups, these groups makes the surface interactions with 
solute molecules possible [Braithwaite & Smith, 1996]. Eluant systems used in adsorption 
chromatography are based on non-polar solvents, containing a small amount of a polar 
additive [Braithwaite & Smith, 1996]. When a sample is applied to the adsorption column, the 
polar functionality of  the solute molecules will bond to the active sites on the porous 
adsorbents in the column. Solutes will, by the polar modifier molecules of the eluant, be 
displaced as the chromatography progresses and will be readsorbed on fresh sites as they 
run down the column. Relative polarities of  solvents are to account for the displacement of 
the solute molecules. More polar molecules will be adsorbed more strongly [Braithwaite & 
Smith, 1996] and is thereby eluted slowly through the column [Harris, 2010]. Hereby if 
separation in column chromatography is due to adsorption chromatography the least polar 
molecules will be eluted from the column first, and the most polar last.
3.2.2 Partition chromatography
With the exception of large molecules like proteins and 
polysaccharides, is it almost possible to purify and separate any type 
of compound by partition chromatography [Thompson, 1959]. In 
partition chromatography both the stationary and the mobile phase are 
liquids, the liquid stationary phase, which should be close to insoluble 
with the mobile phase, is supported by a solid which is inert to the 
substance to be separated. For the support material to be a success it 
must adsorb and maintain the stationary phase, while exposing as 
large a surface of it as possible to the flowing phase [Braithwaite & 
Smith, 1996]. When partition chromatography is performed in a 
column, it is done by using a matrix that does not adsorb the solutes 
[Thompson, 1959], for that purpose Vuataz (1960) uses cellulose 
powder mixed with water to a slurry, to separate polyphenols in black 
tea [Vuataz, 1960]. 
The separation taking place in cellulose columns are primarily due to 
partition, but adsorption is also to account for part of it. The adsorption 
taking place is partly due to the polar nature of the hydroxyl groups of 
the cellulose molecule, the extent of it varies partly with the polarity of 
the solutes. Effects of  possible ion exchange are also caused by 
presence of the hydroxyl groups and also due to the small number of 
carboxyl groups in the cellulose [Braithwaite & Smith, 1996]. In partition column 
chromatography it is normal to set up a system so that the solvent strength parameters of  the 
mobile and stationary phases are significantly different [Braithwaite & Smith, 1996].
Figure 3. Cellulose 
partition column. 
T h e c e l l u l o s e 
partition column used 
for separation for the 
first separation of 
columns in the main 
e x p e r i m e n t [ o w n 
picture].
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3.2.3 Sephadex LH-20
Sephadex LH-20 gel is a widely used column for separation of 
tannins and is useful in the purification of  most hydrolysable 
tannins [Mueller-Harvey, 2001]. Before use of  the gel it must 
be swollen in an appropriate solvent since the choice of 
solvent determines the subsequent qualities of  the gel [Wilkins, 
1973]. These qualities can have sieving, adsorption or partition 
characters, therefore it is important to evaluate the purpose of 
the gel chromatography in order to choose the best suitable 
solvent. The use of methanol will induce adsorption qualities 
while with dimethylformamide the sieving qualities will 
dominate [Wilkins, 1973]. Consequently, separation of tannins 
on a Sephadex LH-20 gel column will occur due to differences 
in the adsorption to the gel [Okuda, 1989].
In a study by Strumeyer & Malin (1975) the ability of Sephadex 
LH-20 to isolate tannins were examined. Dried extract eluted in 
(95 %) ethanol was applied to the column, it was eluted with a 
solution of acetone/water (50/50 %) and the fractions were 
examined for tannins. Suitability of  the Sephadex LH-20 
column to separate tannins from non-tannins and success in 
recovery of about 90 % of the compound applied to the column 
was demonstrated [Strumeyer & Malin, 1975]. 
However, Sephadex LH-20 also has some disadvantages as 
long separation time due to a limited flow  rate [Du, 2001]. 
Oligomeric hydrolysable tannins have tendency to adsorb strongly to the resin and possibly 
hydrolysis of the compounds will occur [Yoshida, 1989]. Yoshida et al. (1989) studied the 
hydrolysability of  oligomeric hydrolysable tannins. A high hydrolysability of  the trimer 
nobotanin J was observed and more than 70 % of the nobotanin J amount was converted to 
monomers and dimers in the Sephadex LH-20 column [Yoshida, 1989]. Condensed tannins 
with high molecular weight might be adsorbed strongly as well, the strength of the adsorption 
complicate subsequent elution [Mueller-Harvey, 2001], it might even be impossible to remove 
them with organic solvents which limits the reusability of the gel [Okuda, 1989].
Figure 3. Sephadex LH-20 
column. The Sephadex 
LH-20 column was used for 
compound separation in the 
screening experiment [own 
picture].
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3.2.4 Diaion HP-20
Diaion HP-20 is a polystyrene-divinylbenzene [Kabay, 2003], and is 
used both in gel and adsorption chromatography [Okuda, 1993] 
[Soylak, 2002]. Column chromatography depends on the column 
system settings, especially on the choice of  solvents [Braithwaite & 
Smith, 1996]. 
Ito et al. (1999) extracted and isolated more than fifteen tannins and 
related polyphenols from dry Elaegnus umbellata leaves. Several 
types of  chromatography were used in the isolation process. 190 g 
H2O-extract was chromatographed over Diaion HP-20 in a column 
tube (6.7 cm diameter, 65 cm height) with gradually adding of solvent 
mixtures of methanol/water (10%/90%→20%/80%→…→60%/40%) 
→ MeOH → Acetone/water (70%/30%) [Ito, 1999].
Lee (1996) used Diaion HP-20 in the process of  isolating tannins 
from dried plant leaves of Eugenia uniflora. 50 g of the extract was 
used in Diaion HP-20 column chromatography tube (7.2 cm 
diameter, 30 cm height) with methanol solution gradually increased. 
Ma et al. (1997) isolated tannins from fresh Albizia lebbek bark. 
Column chromatography was used to fractionate the water extract. 
Fractionating was accomplished by column chromatography on 
Diaion HP-20 eluted with water and gradually increasing methanol 
content. Fraction 1 contained compounds with molar masses 290, 
578 and 886 and fraction 2 contained one compound with the molar 
mass of 627. The sieving is not dominating the separation through 
Diaion HP-20 in this study, if it did the small molecules would be 
eluted out first. Further column chromatography was carried out on 
Sephadex LH-20, to achieve complete isolation of the tannins [Ma, 
1997]. 
3.3 Identification 
3.3.1 Thin layer chromatography (TLC)
In order to assure that plant extracts contain tannins, thin layer chromatography is often 
used. Both silica gel and cellulose plates are applicable, and by selecting an appropriate 
solvent phenolic compounds can be separated. However, tannins of high molecular weight 
tend to stick tightly to the beginning of  cellulose plates or form a broad band close to the 
origin of the plate [Mueller-Harvey, 2001]. It is possible to run the plates in two dimensions 
with appropriate solvents and in this way separate the condensed and the hydrolysable 
tannins [Mueller-Harvey, 2001]. 
F i g u r e 5 . D i a i o n 
HP-20 column. The 
Diaion HP-20 column 
used for the second 
separation of fractions 
in the main experiment 
[own picture].
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Tannins can be traced in different ways. One way is using UV-light, under which galloyl 
esters and gallotannins appear as violet fluorescent spots. Ellagic acid shows as a violet spot 
which becomes darker when exposed to ammonia vapour [Mueller-Harvey, 2001]. Yoshida & 
Okuda (1985) used UV light at 280 nm for detection of tannins, they used cellulose plates 
and chose 7% aqueous acetic acid and butane-1-ol/acetic acid/water (4:1:5) as mobile phase 
[Yoshida & Okuda, 1985]. Another application of  TLC is direct isolation of compounds on the 
plates (preparative TLC). By using thicker cellulose plates the purified tannins can be 
scraped of the plate and eluted  directly [Mueller-Harvey, 2001].
Spraying the plates with reagents can also be useful in the identification, and several studies 
use these methods for tannin identification. Strumeyer & Malin (1975) used silica gel plates 
for thin layer chromatographic and were able to detect anthocyanidin without spraying. 
Cyanidin had an evident red spot, turning blue by ammonia exposure. For further 
identification different reagents were used, among these Gibbs reagent (2,6-dichloro-p-
benzoquinone-4-chlorimine) for phenol detection [Strumeyer & Malin, 1975]. 
Svobodová et al. (1977) examined the reaction mechanism, decomposition and stability of 
Gibbs reagents and rated their applicability for identifying phenols. It was concluded that the 
reagent is most usable in quantitative detection of  phenols [Svobodová, 1977]. We sprayed 
our TLC plates with Gibbs reagent and ammonia vapour for exactly this purpose. Josephy & 
Van Damme (1984) confirmed how  Gibbs reagent reacts readily with parasubstituted phenol 
rings forming indophenol, which has a bright colour [Josephy & Van Damme, 1984]. 
3.3.2 Mass spectroscopy (MS) and nuclear magnetic resonance spectroscopy (NMR)
Mass spectroscopy (MS) and nuclear magnetic resonance spectroscopy (NMR) are efficient 
methods of identifying compounds.  
In MS the compounds are ionised to achieve knowledge of the molar mass of  the compound 
and the fragment ions of the compound [De Bruyne, 1996]. Mass spectroscopy can be 
applied with different techniques. A well known MS technique is electrospray ionisation mass 
spectroscopy ESI MS. A soft ionisation technique that can be useful for biological compounds 
[Guyot, 1997]. The ESI MS is very useful for the analysis of  biomolecules with large molar 
masses. A sample solution is sprayed into a heated chamber, small charged droplets are 
exposed to drying gas, and the solvent is evaporated from the droplets. The surface tension 
of the droplets are exceeded. Finally they break into smaller droplets and solvent free sample 
ions are gathered in the gas phase [Pavia, 2009]. ESI MS has been used for identification of 
compounds to as much as 2300 Dalton. 
The NMR technique utilises magnetic properties of nuclei with which detailed structural 
information can be achieved. In 1H NMR the absorption of  protons gives information about 
the chemical environment of the different atoms and on this basis different functional groups 
can be recognised [Mueller-Harvey, 2001]. 
The NMR technique can be applied in both one and two dimensions, as functions of one or 
two parameters, respectively. Splitting patterns and coupling constants of the different proton 
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signals can be interpreted to elucidate a structure [Pavia, 2009]. In more difficult structure 
patterns more information is needed. The principle in 2 dimensional NMR is to do several 
one dimensional experiments, with delay periods between the frequency pulses. Differences 
in timing, frequencies and intensity of  the pulses gives differences in the experiments. During 
the delay periods the nuclear spins are allowed to rotate in a certain amount of time, and 
after the last pulse the frequencies are detected [Pavia, 2009]. A two dimensional technique, 
frequently used, is H-H correlation spectroscopy (COSY). Along both axes the intensities are 
indicated, and the peaks are indicating which protons are coupling. Furthermore, in some 
cases the COSY method is capable of  showing interactions between nuclei with ranges over 
three bonds [Pavia, 2009].
A combination of MS and NMR provides usable structural information, regarding both the 
molecular weight together with the inter-linkage of the components [Muller-Harvey, 2001].
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4 Experimental procedure
Before performing the main experiment a smaller screening was done and the method was 
evaluated. The Geum urbanum L. stems used in our experiment was collected midseason by 
Ton That Quang between dates 18/08/2010 and 01/09/2010. Dried for 1 month at room 
temperature while separating plant parts between dates 02/09/2010 and 02/10/2010.
4.1 Overview of screening procedure
Figure 6. Overview of screening procedure.  The dried Geum urbanum stems were extracted with 
different solvents; petroleum ether (PE), methanol-water (MeOH/H2O), ethyl acetate (EtOAc). The 
different extracts were analysed with thin layer chromatography (TLC), mass spectroscopy (MS) and 
column chromatography (CC).
4.2 Screening procedure
4.2.1 Extraction
100 g stems from Geum urbanum L. was crushed and 400 ml petroleum ether was added 
and left for extraction for 3 days. The solution (1) was filtered and another 200 ml petroleum 
ether was added and left for extraction for 1 day. The solution (2) was filtered. Both extracts 
with petroleum ether had a bright yellow  colour. 200 ml ethyl acetate was added to the stems 
for extraction for 1 day, the solution (3) was filtered. Again ethyl acetate (300 ml) was added 
for 1 day and filtered (4). The two ethyl acetate extracts had a dark green colour. 250 ml 
methanol/water (80/20 %) was added and left for 1 day. The solution (5) was filtered and a 
new 250 ml methanol/water (80/20 %) solution was added, left for 1 day and filtered (6).
4.2.2 Thin Layer Chromatography (TLC)
The six extracts (1, 2, 3, 4, 5, 6) were concentrated by the means of  heating, using a rotary 
evaporator. The evaporator was thoroughly cleaned with acetone before and after use as 
well as repeatedly in between evaporation of  the different extracts.
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Extracts were prepared for thin layer chromatography (TLC) and to each of  four extracts (3, 
4, 5, 6) were added approximately 4 ml methanol. Two drops of each extract solution were 
applied on a cellulose 400 UV254 TLC plate (5 x 10 cm), 
7 % acetic acid was used as mobile phase. After 
approximately one hour the plate was dried and studied 
under UV light to check for phenolic compounds. 
Extracts 3 and 4 showed no fluorescent substance 
whereas 5 had a significant amount and 6 had a smaller 
amount. The TLC plate was sprayed with Gibbs reagent 
and exposed to ammonia vapour to check for phenolic 
compounds. In both tests extract 5 seemed most 
promising and it was decided to examine this further. A 
two dimensional cellulose 400 UV254 TLC (10 x 10 cm) 
was run on extract 5. As mobile phase was used 7 % 
acetic acid in the first dimension, 20 % isopropanol and 
2 % acetic acid in water was used as mobile phase in 
the second dimension. 
It was noted that a phase of  extract 5 was not 
dissolvable in methanol. This  insoluble phase  was 
dissolved in water (5.2) and the mass was determined 
to be 2.2 g. TLC was also run and content of fluorescent 
tannins were detected.
4.2.3 Mass Spectroscopy (MS)
The fifth extract (5.1) had a mass of  89 mg, and in order to achieve information concerning 
the composition we analysed it with ESI MS in negative mode (see section 3.3.2). All 89 mg 
was dissolved in 5.56 ml methanol and diluted in methanol with factor 1000 before analysis.
4.2.4 Column Chromatography (CC)
Attempted dissolving of  fraction 5.1 in ethanol failed and methanol was used instead. 
Unfortunately some of the fractions were still precipitated using methanol, probably due to 
the small amount of  methanol used. A Sephadex LH-20 column (diameter 2.5 cm, height 22 
cm) was prepared with methanol (4 times the volume of the column was run through). 
Fraction 5.1 was subjected to the column for separation of  compounds, corresponding to 
fluorescent bands in the column under UV light. The compounds were separated and 
fractions 5.1.2. to 5.1.9. from the column were analysed using TLC in 7% acetic acid. Several 
of the fractions showed tannins.
Figure 7.  2 dimensional Thin Layer 
Chromatography plate. The extract 
5  from the screening experiment was 
analysed in two dimensions on a TLC 
plate, with the mobile phases 7 % 
acetic acid and 20% isopropanol/2% 
acetic acid in water, respectively. The 
tannin compounds are seen as dark 
spots [own picture].
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4.3 Evaluation screening
The introducing screening experiment detected content of tannins in the stem extracts from 
Geum urbanum L. This was established by the use of  TLC analysis and spraying with Gibbs 
reagent and ammonia. The Sephadex LH-20 column showed visible UV-bands which 
revealed separation of the fraction, but a clear separation was not successfully obtained 
according to the quantitative TLC analysis. The procedure was considered to be appropriate, 
yet in order to attain even better results, some adjustments were made according to the main 
experiment. No content of  tannins (based on TLC) in the petroleum ether extracts 1 and 2 
was seen. Other studies do not argue that the use of petroleum ether is a crucial step in the 
extraction process. Since petroleum ether is highly flammable and several other studies 
succeeds in extracting without it (see section 3.1.3), we decided not to use petroleum ether 
as extractant in the main experiment. Ethyl acetate and methanol extractions are frequently 
used in other studies, although some use a 50 % methanol solution instead of 80 % [Mueller-
Harvey, 2001]. Even though Sephadex LH-20 column showed indications of  compound 
separation, the column was quite small, hence a larger column with better options for 
separation, was sought for the main experiment (see section 3.2.2). After the six extractions 
(1, 2, 3, 4, 5, 6) we tried to crush the used stems (100 g) in a mortar. It seemed as if more 
tannins were left in the stems To crush it further before extraction would possibly be a way to 
obtain more tannins in the main experiment. Therefore besides blending the stems they were 
also crushed in a mortar in the main experiment in order to obtain larger surface area for 
interactions.
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4.4 Overview of main experiment procedure
After the minor screening, the main experiment was performed on a greater mass of stems.
Figure 8. Overview of the 
m a i n e x p e r i m e n t 
procedure . The d r ied , 
pulverized Geum urbanum 
stems was extracted with 
different solvents; ethyl 
acetate (EtOAc), methanol-
water (MeOH/H2O). Analysis 
o f t h e e x t r a c t s w a s 
accomplished with partition 
column chromatography 
( P C C ) , t h i n l a y e r 
chromatography (TLC), mass 
spectroscopy and proton 
nuclear magnetic  resonance 
(NMR).
4.5 Main experiment procedure
4.5.1 Extraction
985 g stems from Geum urbanum L. was blended and crushed in a mortar. 3 L ethyl acetate 
was added initially and left for extraction for 3 days. This solution (1) was filtered and another 
1.5 L ethyl acetate was added, and left for extraction to the next day. Solution (2) was filtered, 
both ethyl acetate extracts had a dark green colour. 2.75 L methanol/water (80/20 %) was 
added and left for the next day and was filtered (3). 2 L of methanol/water (80/20 %) was 
added and left for extraction (4) overnight. The first methanol extract had a dark green colour 
and the second had a green/brownish colour. Finally 1.75 L methanol/water (80/20 %) 
solution was added and left for extraction (5) for 3 three days. (5) had a dark green colour. 
A final and small extraction (6) was done on 100 g of the stem mass with 200 ml methanol 
and water (50/50 %) to check whether more tannins were left for extraction. 
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4.5.2 Thin Layer Chromatography (TLC)
The six extracts (1, 2, 3, 4, 5, 6) were concentrated by the means of  heating, using a rotary 
evaporator. This was thoroughly cleaned with acetone before and after use as well as 
repeatedly in between evaporation of the different extracts. 
1, 2, 3, 4, 5, 6 were prepared for TLC by dissolving in methanol. Two drops of each solution 
were applied to a cellulose 400 UV254 plate, 7 % acetic acid was used as mobile phase. After 
approximately an hour the plate was dried and studied under UV light to check for phenolic 
compounds.
Extracts 1 and 2 did not show  any significant amount of fluorescent substance. The TLC 
plate was sprayed with Gibbs reagent and exposed to ammonia vapour to check for phenolic 
compounds. In both tests extract 3 seemed most promising and we decided to examine this 
further.
4.5.3 Partition column chromatography (PCC)
All glass equipment was cleaned thoroughly with acetone before preparing the column. 400 
ml of  petroleum ether/ethyl acetate (PE/EtOAc) (70/30 %) solution was prepared and 
saturated with water. The solution was shaken to attain homogeneity, the excess water was 
removed and the rest of the solution was added to a blender. 100 g cellulose powder was 
added to the blender and the mixture was blended briefly, with some more water and PE/
EtOAc (70/30 %)  solution added. 
The column (diameter 3 cm, height 53 cm) was packed with the cellulose mixture using 
nitrogen gas pressure. A filter was placed on the top of  the column. 1.955 g of extract 3 was 
washed with methanol, mixed with 8.8 g cellulose powder and concentrated. The mixture 
was placed on top of the column and another filter was placed on top. The column was 
washed with PE/EtOAc (70/30 %) without taking out fractions.
Solutions used in column was 300 ml PE/EtOAc (80/20 %) → 200 ml PE/EtOAc (90/10 %) → 
200 ml ethyl acetate (100 %) → 200 ml ethyl acetate/butanone (50/50 %) → 
200 ml n-butanol → 500 ml methanol → 600 ml acetone. All solvents except methanol and 
acetone was saturated with water before adding to the column. 
When no fluorescent bands was visible, fractions of approximately 50 ml was taken out. 
When bands were visible they were attempted separated. The column resulted in 23 
fractions (3A-W).
In this partition column the cellulose is working as the support solid to the stationary water 
phase. The separation taking place in the column is based on partitioning of  the solutes 
between the stationary water phase on cellulose and the water saturated solvent (PE/EtOAc, 
EtOAc/butanone) which is immiscible with the stationary water phase. This separation is 
based on differences in property solubility. n-butanol is partly miscible with water. Methanol is 
fully miscible with water which means that when running methanol through the column, there 
will only be one liquid phase and compounds not soluble in methanol will be adsorbed to the 
22
cellulose. Finally acetone is uses to free these compounds from cellulose. 
4.5.4 TLC on partition column fractions
Fractions 3D-W were prepared for TLC by dissolving in methanol. Two drops of each solution 
were applied on a cellulose 400 UV254 plate, 7 % acetic acid was used as mobile phase. 
Fractions 3H-W were also run on a cellulose 400 UV254 plate using isopropanol/acetic acid 
(20/2 %) in water as mobile phase to examine if further separation could be achieved using 
different solvents. No further information was attained this way and it was decided to perform 
MS on some chosen fractions.
4.5.5 Mass spectroscopy on partition column fractions (MS)
K, L, Q, R, S, T was prepared for MS diluting solutions of concentrations 10 mg/ml 500 times 
in methanol. ESI MS was run in negative mode. The spectres of K and L, Q and R, S and T 
turned out to be similar. From the spectrum of L it was decided to use this extract for 1H NMR 
analysis directly. 
4.5.6 Diaion HP-20 column chromatography
Fraction R (70 mg) was run through a Diaion HP-20 column. 98,5 g Diaion HP-20 was 
prewet with methanol and water (20/80 %). The mixture was added to the column (diameter 
3cm, height 25 cm) and packed with water and subsequently methanol using nitrogen gas 
pressure. Two filters was placed on top of the column before adding fraction R. The volume 
of the column was approximately 175 ml. Solutions used in the column were 185 ml 
methanol/water (20/80 %) → 185 ml methanol/water (30/70 %) → 185 ml methanol/water 
(40/60 %) → 185 ml methanol/water (50/50 %) → 185 ml methanol/water (60/40 %) → 185 
ml methanol/water (70/30 %) → 185 ml methanol/water (80/20 %) → 185 ml methanol/water 
(90/10 %) → methanol. No fluorescent bands were visible and it was decided to take out 
fractions of approximately 50 ml. This resulted in 36 fractions (3R1-36). Finally the column 
was cleansed with 200 ml acetone/water (70/30 %) and one last fraction (3R36) was taken 
out. 
4.5.7 TLC on Diaion HP-20 column fractions
Fractions 3R1-36 were prepared for TLC by dissolving in methanol. Two drops of  each 
solution were applied on a cellulose 400 UV254 plate, 7 % acetic acid was used as mobile 
phase. TLC showed very similar patterns for the following groups of fractions 3R7-9, 
3R10-14 and 3R17-23 and it was decided to mix these fraction and prepare for MS.
4.5.8 Mass spectroscopy (MS) on Diaion HP-20 column fractions 
Mixing of fractions: 3R7-9→3Ra, 3R10-14→3Rb and 3R17-23→3Rc. 3Ra, 3Rb and 3Rc was 
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prepared for ESI MS diluting solutions of concentrations 10 mg/ml 500 times in methanol. 
ESI MS was run in negative mode. Due to deadline, it was decided to run 1H NMR on 
fractions 3Ra and 3Rc.
4.5.9 Nuclear magnetic resonance spectroscopy (NMR)
Fractions L (≈20 mg), 3Ra (≈9 mg) and 3Rc (≈9 mg) was prepared for 1H NMR. L  and 3Rc 
was dissolved in 1 ml deuterated acetone (acetone-d6) while 3Ra was dissolved in 0.75 ml 
deuterated methanol (methanol-d4). 1H NMR was run on the samples, using spectrometer 
frequency 300 MHz and the respective solvents as references. While waiting for the samples 
to be run (1 day) it was noted that fractions 3Ra and 3Rc precipitated. No precautions was 
made regarding 3Ra, but 3Rc was shaken before the sample was run. Additionally it was 
noted that a small amount of the precipitate went into solution with time.
4.6 Evaluation main experiment
Two different chromatography columns were chosen for separation of compounds from the 
extracts. The fractions from the Diaion HP-20 column were in very small amounts which 
hindered a sufficient analysis to elucidate the structures. Based on the TLC plates a partial 
separation happened, but the fractions contained more than one compound. We chose to 
mix those fractions which seemingly had the same tannin content (based TLC). This had the 
advantage to gain a larger mass of compound which enabled us to perform 1H NMR analysis 
and MS. The risk of  mixing fractions is the possibility of  making them less pure. It would have 
been an advantage to have started with the Q fraction for the Diaion HP-20 column owing to 
a larger weight and a composition very similar to the R fraction, according to the MS. It was 
intended to separate fraction Q later, but we had no time for this.
Extract (6) was made in order to elucidate whether the stems still contained tannins and 
whether or not methanol/water (50/50 %) was efficient as an extractant. According to the TLC 
analysis a large amount of tannin was still contained in the stems.
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5 Results and analysis
ESI MS spectras, 1H-NMR spectras are found in appendixes (2a-c and 3a-c). It is noted that 
the ESI MS shows several peaks. This is explained by a combination of two things. First, the 
samples are not completely  pure and second, some of the peaks are possible degradation 
products from the compound of interest. Solvent signals in 1H NMR spectras are as follows. 
Acetone-d6: A quintet (δ: 2.05,  {1:2:3:2:1}) and a broad peak for H2O (δ: 2.85). Methanol-d4: 
A quintet (δ: 3.35, {1:2:3:2:1}) and a singlet (δ: 4.80). 3L and 3Ra are both diluted in acetone-
d6, and signals are present. Since we attempted to dilute fraction 3Rc in acetone-d6 before 
methanol-d4, both solvent signals are unfortunately present in the spectra of 3Rc.
5.1 Suggested structure for fraction 3L
The ESI MS spectrum of fraction 3L in appendix (2a) shows two large peaks. One at 579.87 
m/z and one at 289.20 m/z. The ratio between the two peaks is a little higher than 2 which 
indicates a dimer but also gives the opportunity  for one of the dimer halfs to contain an open 
ring. Catechin (M=290,15 g/mol) has previously  been found in Geum urbanum L (see 
structure 28 in chapter 1). Searching the literature for 1H-NMR values for comparison, two 
useful articles was found, Taniguchi et al. (2007) which gives 1H-NMR values for exactly  the 
structure we are suggesting and Hashimoto et al. (1989) which gives 1H-NMR values for a 
very  similar compound. 1H-NMR values are given in table 1 for comparison with our 
suggested structure. 
C30H28O12
Molecular weight: 580.52 g/mol
The peak patterns in the 1H NMR 
spectrum indicates some symmetry 
in the molecule. Protons 6, 7 and 8 
are expected to give rise to similar 
singlets of different magnitudes. 
Protons C2, C5, C6, F2, F5 and F6 are expected to give a ABX coupling pattern. α is 
expected to give a doublet that is coupling with β which is thought to give rise to a doublet of 
a triplet, coupling to the two γ protons and to proton α. 
From the flavan unit proton 2 will probably  show as a doublet coupling to 3 which will give 
rise to a ddd pattern while coupling with the two protons 4 as well.
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Table 1
Chalcan unit [Taniguchi, 2007] [Hashimoto, 1989] Own results
α 4.26 (d, J=3.5) 4.48 (d, J=8) 4.56 (d, J=7.8)
β 4.79 (ddd, J=3.5, 5.5, 8.5) 4.76-5.08 (m) 4.71 (d, J=7.8) {1}
γ 2.88 (dd, J=5.5, 12.5)
2.94 (dd, J=8.5, 12.5)
2.57 (dd, J=9, 14)
3.12 (d, J=14)
2.91 (dd, J=5.4, 16.4) {2}
C2 6.64 (d, J=2.5) 6.64 (s) 6.89 (d, J=1.8)
C5 6.56 (d, J=8.5) (-OH) no value 
given
6.80 (d, J=8.1)
C6 6.24 (dd, J=2.5, 8.5) 6.64 (s) 6.75 (dd, J=1.8, 8.1)
7 5.92 (s) 5.92 (s) 5.88 (d, J=2.4) {3}
8 5.92 (s) 5.92 (s) 6.02 (d, J=2.1) {3}
Flavan unit
2 4.55 (d, J=7.5) 4.81 (s) 4.56 (d, J=7.8)
3 3.77 (ddd, J=5.5, 7.5, 8.5) 4.26 (m) 3.99 (dd, J=2.7, 7.8)    {4}
3.99 (dd, J=8.4, 13.5) 
3.99 (ddd, J=2.7, 6.9, 13.5)
4 2.49 (dd, J=8.5, 15.5)
2.76 (dd, J=5.5, 15.5)
2.75-2.96 (m) 2.53 (dd, J=8.4, 16.2)
6 6.01 (s) 6.14 (s) 6.02 (d, J=2.1) {3}
F2 6.41 (d, J=2.5) 6.65 (s) 6.89 (d, J=1.8)
F5 6.58 (d, J=8.5) (-OH) no value 
given
6.80 (d, J=8.1)
F6 6.20 (dd, J=2.5, 8.5) 6.65 (s) 6.75 (dd, J=1.8, 8.1)
Remarks: 
{1} Signal is very weak. Hence, coupling to γ protons is not seen. {2} Signal is thought to contain both γ protons. 
{3}  The magnitude of the signals indicate that they correspond to an equal amount  of  protons. Contrary to the 
expected.  {4}  Multiplet at 3.99 ppm is  thought to be either two dd signals or one ddd signal where the outer two 
peaks does not show.
No conclusion can be made on the structure of the compound in 3L but is is likely  to be the 
suggested structure. We expected some impurities in the sample which makes it hard to 
derive information from all peaks. The signals that we applied to protons 6, 7 and 8 are 
questionable as their magnitude is equal which is contrary  to the expected. The multiplet 
assigned to proton 3 is open for interpretation as there are plausible possibilities for coupling. 
Most likely is the two dd signals as they couple with both protons 2 and 4, as expected.
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5.2 Suggested structure for fraction 3Ra
The ESI MS spectrum shows a large peak at 301.20 m/z. The molecular weight of ellagic 
acid is 302.20 g/mol and the sample is thought very  likely  to contain ellagic acid (see 
structure 38 in chapter 1). A smaller peak is seen at 782.93 m/z and is used for finding a 
suggested total structure of the compound. It is noted that the ESI MS does indicate some 
impurities in the sample. Adding four gallic acids (see structure 36 in chapter 1) to glucose 
gives the wanted molecular weight.
C34H24O22
Molecular weight: 784.34 g/mol
The glucose core can be found in both α and β 
configuration depending on the position of the 
hydroxy group on the anomeric carbon. The α or β 
shapes of glucose has different chemical shifts. It 
is difficult to see in our spectrum if we have an α or 
β glucose.
Feldman & Smith (1996) gives 1H-NMR values for 32 protons from a 1:1 mixture of α:β 
anomers of the suggested compound, pedunculagin. The tendency of  signals is similar to our 
spectrum. Singlets in the range from 6.20-7.40 ppm and multiplets between 5.0-5.6, 4.2-4.6 
and 3.2-4.0 ppm under which some doublet can easily hide. 
Yoshida et al. (1985) lists data for isolated tannins, one in which both α and β glucose units 
present. The shifts of the α-glucose protons is in the interval 3.69-6.56 ppm and for the β-
glucose core the interval is 3.69-6.17 ppm. 
With a more pure compound it might have been possible to compare the intensities of  the 
signals from the respective conformations and elucidate the ratio of α or β conformations. 
Besides the signals from Pedunculagin, it is likely that signals from ellagic acid is present as 
well. Ellagic acid is expected to appear as two, probably small, singlets between 6.0-7.0 
ppm, but a precise identification of ellagic acid in our spectrum is not possible.
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5.3 Suggested structure for fraction 3Rc
 C22H24O10
  Molecular weight: 448,41 g/mol
In the 1H-NMR spectrum is noted a group of protons just below 4.0 ppm which have the 
characteristic look of glucose protons (see figure 9). 
From the ESI-MS spectrum in appendix (2c) the 
molecular weight of one compound in fraction 3Rc, 
was known to be 448.31 g/mol. Based on the 
assumption that glucose is present in the compound 
and based on the information obtained from the ESI-
MS a structure is suggested. Unfortunately  the quality 
of the 1H-NMR spectrum was poor. It is noted that the 
ESI-MS spectrum gives several possible molecular 
weights and that the compound can not be considered 
completely  pure. The highest peak was chosen for 
guideline. None of the tops below 448.31 could be assigned to degradation products.
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H
H
H
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H OH
OH
H
O
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CH
OH
Figure 9. Typical 1H NMR signal 
for glucose. [Own figure]
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6 Discussion
Due to a limited amount of time it was not possible to run sufficient chromatography to obtain 
completely pure compounds. Unfortunately this has given some challenges regarding the 
elucidation of possible structures. 
Elucidating the suggested structures, inspiration was gathered from literature to combine 
known constituents to compounds that fit the molecular weight, known from ESI MS. 
The suggested structure for compound 3L is build of two catechin like units, one of them 
open to fit the molecular weight. (+)-Catechin is a known constituent of Geum urbanum L. 
(see structure 28 in chapter 1). Furthermore 1H-NMR values from studies by Taniguchi et al. 
(2007) and Hashimoto et al. (1989) was used for comparison with our own values to check 
the likelihood of the suggested structure.
Though the suggested structure for compound 3Ra is not previously reported in either Geum 
urbanum L. or Geum rivale, Cheng et al. (2011) reports that Pedunculagin has been found in 
Geum japonicum [Cheng, 2011]. 1H-NMR values from Feldman & Smith (1996) was 
compared with our own values, and it is thought to be likely that Pedunculagin is in the stems 
of Geum urbanum L.
For compound 3Rc the suggested structure is based only on already known constituents, 
while the 1H-NMR spectrum was very poor. This resulted in a O-linked (common in plants) 
glucoside compound consisting of a glycone and a flavone-like aglycone (see structure 15 in 
appendix 1).
Ideally it would have been possible to elucidate structures from the data only, but it was 
necessary to perform a kind of backwards analysis. Unfortunately this results in structure 
suggestions that are already known. Below  is discussed what could have been done 
differently in order to achieve unambiguous data and potentially identification of unknown 
compounds.
While the content of tannins has showed to vary with seasonal changes it is difficult to 
recommend any preferable time to collect plant material. Comparative studies have been 
made (see section 3.1.1) which conclude that leaves have high content of  tannins early in the 
season. Our plant samples was collected midseason which should be reasonable. 
Most studies available extracted from fresh leaves which would be expected to contain more 
challenges than working with dried stems, especially in terms of air temperature and light. No 
precautions were made regarding the effect of these two factors on the content of tannins in 
our stems. It is possible that precautions in this area could have increased the amount of 
tannins in our extracts but it would have been a big challenge to perform extraction in dark 
and at lowered temperatures in practice. Still, since drying was done at room temperature 
and not at elevated temperatures, the consequences concerning decomposed phenolic 
compounds should still be minimised (see section 3.1.2). 
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Aqueous solvents of either methanol or acetone are recommended for extractions and 
though acetone is less likely to react with hydrolysable tannins the stability of  condensed 
tannins is lower in acetone. Methanol proved suitable for extraction of tannins of low 
molecular weight (see section 3.1.3). Hexane or dichloromethane is recommended for 
removal of  chlorophyll but this was not used as it was assessed that the amount of 
chlorophyll in the stems would be smaller than in the leaves. Our experience showed that the 
ethyl acetate extracts contained chlorophyll (extracts had a bright green colour). Though 
careful usage of ethyl acetate is recommended we used it in both the screening and in the 
main experiment. Studies using fresh leaves homogenised their leaves in order to rupture the 
cells. Since we use dried stems we assumed that this was unnecessary and no 
homogenisation was performed. It is possible that homogenisation would have resulted in 
extraction of bigger amounts of tannins, but nothing is certain. 
We have used different chromatographic methods for the purpose of achieving the best 
possible separation. Between the screening and the main experiment adjustments were 
made to obtain better tannin yield. Initially a Sephadex LH-20 column was used for 
separation. Studies have recommended this due to a high recovery percentage, but it does 
have a long separation time (see section 3.2.3) which might make it unsuitable for extracts of 
bigger masses. As the main experiment was done on bigger masses of stems than the 
screening it was expected to give a much larger tannin yield. Hence, in order to avoid 
overload it was decided to use a larger partition column of cellulose, also suitable for 
separation of almost any type of compounds except for molecules of  protein size (see 
section 3.2.2). For further separation of fraction 3R, Diaion HP-20 was used as column. 
Diaion HP-20 is broadly used and suitable for separation of  polyphenols. In some cases also 
supplemented with further separation on Sephadex LH-20 (see section 3.2.3). Further 
separation of fractions 3Ra, 3Rb and 3Rc on Sephadex LH-20 could have been a step 
further in order to achieve more isolated compounds. But this would have acquired more time 
and probably a larger mass of the fractions.
The use of TLC was limited to quantitative measurements of tannins (see section 3.3.1). As 
mobile phase was used 7 % acetic acid and isopropanol/acetic acid (20/2 %) in water, which 
are regularly used as mobile phases. Mostly used was one dimensional TLC using 7 % 
acetic acid. But additionally, the separation using two dimensional TLC (see figure 7, section 
4.2.2) was demonstrated and gave an idea of how  many different compounds were present 
in the stems.
It would have been very interesting to perform further analysis of screening fractions from the 
Sephadex LH-20 column to determine the extent of  separation. This was not done as the 
main purpose of the screening was to test the stems for tannins and become familiar with the 
experimental methods.
Only fraction 3R from the main experiment was subjected to column chromatography twice. 
With more time given it would have been desirable to achieve further separation of  several 
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fractions. The last extract from methanol/water (50/50 %) showed content of  tannins, 
indicating a larger amount of tannins available for extraction and suggesting that extraction 
with methanol/water (50/50 %) from the beginning might have yielded larger amounts of 
tannins. Though for practical purposes, working with compounds that are methanol soluble is 
preferred as methanol is easily evaporated. Another way we could have achieved more 
sample for analysis, could have been to mix all methanol extracts.
Besides ESI MS and 1H NMR several different complementary analytical techniques could 
have been used. Some examples are 2D NMR, 13C NMR and COSY (see section 3.2.2), 
which could have been applied to give more information about the compounds. This would 
possibly have led to a more definite analysis of  the fractions. Due to a limited amount of time 
and sample amount, only ESI MS and 1H NMR was used for structural analysis of the 
compounds. 
Finally, analysis could have been done on more fractions, Q was especially interesting and 
according to the ESI MS also similar to R only with larger mass. An obvious path for further 
analysis of the stems would be to separate fraction Q with Diaion HP-20 and Sephadex 
LH-20 and possibly preparative TLC to obtain isolated compounds before analysing with 
selected MS and NMR techniques.
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7 Conclusion
The present study have proven content of tannins in the dried stems of Geum urbanum L. 
Solvents and extraction methods have been evaluated but complete purification of single 
compounds was not accomplished. Suggested structures of 3 tannin compounds are given 
based on 1H NMR and ESI MS analysis combined with values from other studies, but 
unambiguous identification was not possible due to impurities in samples. With more time for 
experiments more chromatography could have been performed in order to obtain better 
isolation. Another limiting factor was small tannin yields in the column chromatography 
fractions which precluded the opportunity for further spectroscopical analysis like 13C NMR or 
COSY. 
It became clear at an early stage that it was not possible to identify all hydrolysable and 
condensed tannins in Geum urbanum L. and that the target in mind was rather ambitious. 
Still the suggested structures are of  both condensed (3L) and hydrolysable (3Ra and 3Rc) 
character which indicate that both types of  tannins are present in the stems of Geum 
urbanum L., still further analysis is needed to decide which and to determine their exact 
structures.
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APPENDIX 1
Overview of compounds found in Geum rivale and Geum urbanum L.
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ESI MS spectrum of fraction 3L
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ESI MS spectrum of fraction 3Ra
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ESI MS spectrum of fraction 3Rc
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APPENDIX 3a    
1H NMR spectrum of fraction 3L
Spectrometer frequency 300 MHz, nt 10000, time 15 hr 42 min 38 sec
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Selected expansions of 3L
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Selected expansions of 3L
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Selected expansions of 3L
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APPENDIX 3a                                                                         
Selected expansions of 3L
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1H NMR spectrum of fraction 3Ra
Spectrometer frequency 300 MHz, nt 10000, time 15 hr 42 min 38 sec
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Selected expansions of 3Ra
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Selected expansions of 3Ra
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Selected expansions of 3Ra
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1H NMR spectrum of fraction 3Rc
Spectrometer frequency 300 MHz, nt 10000, time 15 hr 42 min 38 sec
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Chemicals
Chemical Manufacture CAS-number Product 
number
Hazard 
codes
Risk and 
safety statements
Petroleum ether Sigma-Aldrich 101316-46-5 77379 F,Xn,N R:11-51-53-65-67
S:61-62
Lipophilic sephadex  
LH-20
Sigma-Aldrich 9041-37-6 LH20100 None S:22
Diaion HP-20 Supelco - 13605 None None
Acetone
 ≥99%
Sigma-Aldrich 67-64-1 24201 F,Xi R:11-36-66-67
S:9-16-26
Acetone-d6 Sigma-Aldrich 666-52-4 175862 F,Xi R:11-36-66-67
S:9-16-26
Methanol  99,9% LAB-scan 67-56-1 C17C11X F, T R: 
11-23/24/25-39/23/24/25
S: 7-16-36/37-45
Methanol-d4
99,8 %
Sigma-Aldrich 811-98-3 194166 F,T R: 
11-23/24/25-39/23/24/25
S: 7-16-36/37-45
Ethylen 96% Kemetyl 1101 - F R: 11
S: 2-7-16
1-butanol Bie & Berntsen - 71-36-3 Xn R: 10-22-37/38-41-67
S: 13-26-37/39-46-7/9
2- butanone 99,5% Sigma Aldrich 34861 78-93-3 F, Xi R: 11-36-66-67
S: 9-16
Ethylacetate 99,8 % Sigma Aldrich 270989 141-78-6 F, Xi R: 11-36-66-67
S: 16-26-33
Ethylacetate 99,8 % LAB-scan - 141-78-6 F, Xi R: 11-36-66-67
S: 16-26-33
Cellulose powder
MN 300
Macherey-
Nagel
None None
Pre-coated TLC-
sheets polygram cel 
400 UV254 0,1mm 
Macherey – 
Nagel
801123 None None
50
